a-Cyclodextrin specifically inhibited raw starch digestion by Bacillus subtilis 65 ot-amylase. The raw starch digestibility and a-cyclodextrin-Sepharose 6B adsorbability of this a-amylase were simultaneously lost when the specific domain corresponding to the affinity site essential for raw starch digestion was deleted by proteolysis. Occurrence of the affinity site on raw-starch-digesting enzymes was proven also with bacterial amylase.
Raw-starch-digesting amylases are commercially important enzymes useful for food and beverage industries because they save much energy in cooking the starchy materials. The mechanism of raw starch digestion by fungal amylase has been studied from the biochemical (1, 3, 8) and genetic (2, 4, 5) aspects. However, the mechanism of raw starch digestion by bacterial amylase (9, 15) is still unclear. This paper focuses on the occurrence of the affinity site essential for raw starch digestion apart from the active site on non-raw-starch-adsorbable Bacillus subtilis 65 a-amylase.
The ability to hydrolyze gelatinized potato starch and raw starch was determined by the methods described in a previous paper (9) . Various concentrations (0 to 0.3 mM) of a-cyclodextrin (aCD) were added to the reaction mixture, and at suitable intervals the hydrolysis ratio was determined by measuring the released reducing sugar with dinitrosalicylic acid (10) . otCD was purchased from Sigma Chemical Co. Sepharose 6B activated by 1,4-bis(2,3-epoxy-propoxy)-butane and freeze-dried (epoxy-activated Sepharose 6B) was purchased from Pharmacia Fine Chemicals Co. Ltd. aCD-Sepharose 6B was prepared by the methods of Monma et al. (11) and Vretblad (17) . Pronase (protease purified from Streptomyces griseus) was purchased from Sigma Chemical Co.
To determine adsorbability onto aCD-Sepharose 6B, enzyme solutions (375.9 mU/ml) were used for the experiment. aCD-Sepharose 6B was equilibrated with 0.05 M acetate buffer (pH 6.0) and 0.05 M Tris hydrochloride buffer (pH 7.0 to 9.0). Equal volumes of the enzyme solution and gel were mixed and incubated at 4°C for 1 h. After centrifugation (3,000 x g), the a-amylase activity (9) in the supernatant was determined and the amount of enzyme adsorbed was calculated. Amino acid composition was determined by the method of Spackman et al. (13) The native a-amylase was specifically adsorbed onto otCD-Sepharose 6B. About 200 to 250 mU of enzyme was adsorbed onto otCD-Sepharose 6B (1 g) at a pH range of 6.0 to 9.0. Pronase-digested ox-amylase did not show any adsorbability at any pH.
Amino acid compositions of native and pronase-digested B. subtilis 65 os-amylases were compared. The native enzyme (molecular weight, 68,000) was incubated with pronase to produce the non-raw-starch-digesting, pronase-digested ot-amylase (molecular weight, 58,000). The specific domains abundant in Asx, Glx, Thr, and Ser were deleted by proteolysis (Table 1) . B. subtilis 65 ax-amylase deficient in carbohydrate components, which could not be adsorbed onto raw starch granules but significantly digested raw starch, is shown to be different from fungal raw-starch-digesting glucoamylase I with a specific carbohydrate component (3) which showed both raw starch adsorbability and digestibility.
The ot-amylase simultaneously lost raw starch digestibility and oxCD-Sepharose 6B adsorbability when the specific domains abundant in Asx, Glx, Thr, and Ser were deleted by proteolysis. In the bacterial ox-amylase, different from fungal amylases, the affinity site was composed of abundant Asx and Glx residues as well as Thr and Ser residues. These amino acid residues were suggested to play an important role in the formation of the hydrogen bond with starch micelles for digestion of raw starch in the same manner as fungal glucoamylase (3) . Further, the specific amino acid composition also could be essential for adsorbability onto a.CDSepharose 6B . This a-amylase released small maltooligosaccharide fragments from the starch granule where the surface structure was fragile and was itself released from the starch granule in an instant. This enzyme digested raw starch to produce a mixture of Gl to G7 randomly, but practically no adsorption between the enzyme and starch granule was observed during the raw starch digestion. In this way, non-raw-starch-adsorbable but aCD-Sepharose 6B-adsorbable oa-amylase digested the raw starch. Pseudomonas stutzeri raw-starchdigesting, raw-starch-adsorbable enzyme produced only G4 from raw starch (12) . In this case, the enzyme was adsorbed while the maltooligo fragment G4 was released from the starch granule. Although adsorbability onto starch and products from raw starch were different, these two oa-amylases were affinity-site-carrying types. 0.2 0., 0.6 e.g
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